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EAST CALCULATION APPARATUS FOR 
CARRYING OUT A FORWARD AND AN INVERSE 
TRANSFORM 

BACKGROUND OF THE INVENTION 
This invention relates to a fast calculation apparatus 
included in each of a forward transform calculation 
apparatus and an inverse transform calculation appara- 
tus. 

A modified discrete cosine transform (hereinafter 
abbreviated to MDCT) apparatus is known as a linear 
transform apparatus for a digital signal such as an audio 
signal and a picture signal. In a conventional transform 
calculation apparatus, it is possible by the use of the 
MDCT technique to carry out a forward and an inverse 
transform calculation which are well known in the art. 

The MDCT apparatus is described in detail in an 
article contributed by N. Schiller to the SPIE Vol. 1001 
Visual Communications and Image Processing '88, 
pages 834-839, under the title of "Overlapping Block 
Transform for Image Coding Preserving Equal Number 
of Samples and Coefficients". The article will be de- 
scribed below. 

In the MDCT technique, a forward transform equa- 
tion and an inverse transform equation are given: 



Mm, k) =» I ;r(*)/>(/»)ccs[2jr(* + \/2){n + nO)/N\ 

»=° 30 

and 

xA*i. «) - WttyN^Zy yim. k}cos[2ir(k + l/2)(n + #tO)/nl, <2) 
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wherein x represents an input signal, N represents a 
block length (N is multiple of 4), m represents a block 
number, h represents a forward transform window 
function, f represents an inverse transform window 
function, each of n and k represents an integer variable 40 
between 0 and N — 1, both inclusive. Herein, nO is given 
as follows: 

nO=N/4+J. (3) 
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It is necessary in each of the forward and the inverse 
transform calculations to carry out a large number of 
multiplication times and addition times. This is because 
k is the integer between 0 and (N— 1), both inclusive. 
Accordingly, an increase in the block length N results 50 
in an increased number of times of each of the multipli- 
cation and the addition. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a 55 
forward transform calculation apparatus by which it is 
possible to reduce the number of times of multiplication 
and addition. 

It is another object of this invention to provide an 
inverse transform calculation apparatus by which it is 60 
possible to reduce the number of times of the multiplica- 
tion and the addition. 

It is still another object of this invention to provide a 
calculation apparatus in which the number of times of 
the multiplication and the addition increases in propor- 65 
tion to only Nlog2N, where N represents an integer. 

It is yet another object of this invention to provide a 
calculation apparatus in which the number of times of 
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the multiplication and the addition increases in propor- 
tion to (N/2)log2(N/2), where N represents an integer. 

Other object of this invention will become clear as 
the description proceeds. 

According to an aspect of this invention, there is 
provided an apparatus for carrying out a forward trans- 
form calculation on an apparatus input signal. The appa- 
ratus includes multiplying means for multiplying a pre- 
determined forward transform window function and 
the apparatus input signal to produce a multiplied signal 
and transform carrying out means for carrying out a 
linear forward transform on the product signal to pro- 
duce a forward signal representative of a result of the 
linear forward transform. The transform carrying out 
means comprises first processing means connected to 
the multiplying means for processing the product signal 
into a processed signal, internal transform carrying out 
means connected to the first processing means for car- 
rying out a forward fast Fourier transform on the pro- 
cessed signal to produce an internal signal representa- 
tive of a result of the forward fast Fourier transform, 
and second processing means connected to the internal 
transform carrying out means for processing the inter- 
nal signal into the forward transformed signal. 

According to another aspect of this invention, there is 
provided an apparatus for carrying out an inverse trans- 
form calculation on an apparatus input signal. The appa- 
ratus includes transform carrying out means for carry- 
ing out a linear inverse transform on the apparatus input 
signal to produce an inverse signal representative of a 
result of the linear inverse transform and multiplying 
means for multiplying a predetermined inverse trans- 
form window function and the inverse signal to produce 
a product signal. The transform carrying out means 
comprises first processing means for processing the 
apparatus input signal into a processed signal, internal 
transform carrying out means connected to the first 
processing means for carrying out an inverse fast Fou- 
rier transform on the processed signal to produce an 
internal signal representative of a result of the inverse 
fast Fourier transform, and second processing means 
connected to the internal transform carrying out means 
for processing the internal signal into the inverse trans- 
formed signal. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a conventional calcula- 
tion apparatus for successively carrying out a forward 
and an inverse transform; 

FIG. 2 is a block diagram of a calculation apparatus 
according to a first embodiment of this invention; 

FIG. 3 is a flow chart for use in describing operation 
of a first forward processing part included in the calcu- 
lation apparatus of FIG. 2; 

FIG. 4 is a block diagram of a calculation apparatus 
according to a second embodiment of this invention; 

FIG. 5 is a flow chart for use in describing operation 
of a first forward processing part included in the calcu- 
lation apparatus of FIG. 4; 

FIG. 6 is a flow chart for use in describing operation 
of a first inverse processing part included in the calcula- 
tion apparatus of FIG. 4; and 

FIG. 7 is a flow chart for use in describing operation 
of a second inverse processing part included in the cal- 
culation apparatus of FIG. 4. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a conventional calculation appa- 
ratus will be described at first for a better understanding 5 
of the present invention. The conventional calculation 
apparatus is for successively carrying out a forward and 
an inverse transform and comprises forward and inverse 
transform units 11 and 12. 

The forward transform unit 11 comprises an input 10 
buffer part 13, a forward transform window part 14, and 
a forward calculation part 15. The input buffer part 13 
is for memorizing N samples of original signals x(n), as 
an original data block. This means that the original data 
block has an original block length N. Responsive to the 15 
original signals x(n), the forward transform window 
part 14 carries out multiplication between each of the 
original signals x(n) and the forward transform window 
function h(n) to produce a product signal xh(n) as fol- 
lows: 20 



(N/2 — l)-th product signals. The latter half block com- 
prises N/2-th through (N— l)-th product signals. 

As will be understood from the following equation, 
the output buffer part 18 carries out addition between 
the product signal xf(m, n) of the former half block of 
the current data block and the product signal xf(m— 1, 
n) of the latter half block of the previous data block to 
produce a modified or reproduced signal x'(n) of a mod- 
ified half block having a modified block length which is 
a half of the original block length. The following equa- 
tion is: 



x'(n) = xj{m - 1, n + N/2) + xj{m. n), 
when 0 ^ a < N/2 — I. 



(8) 



xM»)=*t«)Mn). 



(4) 



Responsive to the product signal xh(n), the forward 
calculation part 15 calculates the left-hand side of Equa- 25 
tion (1) as follows; 



Simultaneously, the output buffer part 18 memorizes, as 
the latter half block, the second product signal xf(m, n) 
of the current data block. Each of the forward and the 
inverse transform window functions h(n) and fl(n) can 
be given by Equation (9) on page 836 in the above-men- 
tioned article. 

The description will now proceed to an example of an 
algorithm which is applicable to a forward transform 
calculation apparatus according to this invention. Sub- 
stituting Equation (3), Equation (5) is rewritten into: 



N-\ 

Xrruk) ~ 1 xh{n)co%[2jTik + \0%ji + nO)/Afl. 
n*0 
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The calculation part produces the left-hand side as a 
forward transformed signal y(m, k). It is necessary to 
carry out multiplication N 2 times and addition N(N— 1) 
times. This is because k is variable between 0 and 
(N— 1), both inclusive. Depending on the circum- 
stances, each sample of the original signals x(n) is herein 
called an apparatus input signal. 

The inverse transform unit 12 comprises an inverse 
calculation part 16, an inverse transform window part ^ 
17, and an output buffer part 18. The inverse calculation 
part 16 calculates the left-hand side of Equation (2) as 
follows: 



(5) Mm, k) r= *S * xA(ii)cos[2ir<A + 1/2X* + "OyWJ 
n«=0 

30 TV— I 

= 2 xA(»)cos[2ir(A + 1/2X« + N/4 + \/2)/N\ 
n=0 

= 5N/ i~ 1 X h(n - W4)cos[2ir(* + 1/2X» + l/2)/N\ 
n- N/4 

In Equation (9), the cosine has a nature such that: 



(9) 



xKm, it) = Vn\ 1 q ><m, *)cos[2ir(* + l/2X» + n0)/n). 



(6) 45 



The calculation part 16 produces the left-hand side as an 
inverse transformed signal xt(m, n). The inverse trans- 
form window part 17 multiplies the inverse transformed 50 
signal xt(m, n) and an inverse transform window func- 
tion f(n) into a product in accordance with: 



xfirru n)=x/(m. n)J{n). 



0) 



cos[2ir(* + 1/2X« + l/2)/N] (10) 

= cos[2vik + 1/2X(« — AO + 1/2 + N)/Nl 

= cos[2ir(* + J/2X(« — N) + \/2)/N + 2ir(k + 

\/2)N/N[ 

- -cos[2ir<* + 1/2X(* - N) + l/2yN\ 

When n is shifted by (— N), the cosine has an argu- 
ment shifted by 2fr(k+i)> namely, an odd integral mul- 
tiple of it. In this event, the cosine has an absolute value 
unchanged and a sign inverted between positive and 
negative. Therefore, it is possible to delete the term N/4 
in the argument of xh in the right-hand side of Equation 
(9) by shifting n by (— N) with the sign of the product 
signal xh(n) inverted. 

Herein, the product signal is processed into particular 
and specific datum x2(n) which are represented as fol- 
lows: 
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The inverse transform window part 17 thereby pro- 
duces a product signal xf(m, n) representative of the 
product. 

The product signal is supplied to the output buffer 
part 18 whenever the multiplication is carried out by the 60 
inverse transform window part 17. As a result, the out- 
put buffer part 18 memorizes a plurality of the product 
signals as a current and a previous data block at a time. 
The current data block corresponds to the original data 
block. The previous data block is previous to the cur- 65 
rent data block. Each of the current and the previous 
data blocks is divided into a former and a latter half 
block. The former half block comprises zeroth through 



x2(n) = -xh{n + 3N/4), 
when 0 £ n < N/4 

ind 

x2(it) - xh{n - N/4), 
when N/4 5 n < N. 

Therefore: 



(Hb) 



3<m. k)- N I l x2(n)coi[2v(k + 1/2X" + \/2)/N\ ° 2) 
n=0 



« rtat q *2(*i)e*p<-2ir i /<* + 1/2X* + \/2)/N) J 
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-continued 



Ta'-i 

r rtal\ 2 



x2(a)X 



ber of times of the multiplication and the addition as 
compared with the conventional calculation apparatus. 

The description will proceed to an example of an 
algorithm which is applicable to an inverse transform 
5 calculation apparatus according to this invention. Sub- 
stituting Equation (3), Equation (6) is rewritten into: 



exp(-2ir/(* + l/2)/2A' - lirfik + \/2)n/N) 



*w/£exp(- 
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v7j(k + \nyiN) x 



x2(n)«p(-2irX* + l/2)«/A0 



N- 1 (17) 
xt{rru it) =* 2/A T 2 j<m, *)cos[2ir(n + #iO)(* + l/2)/A] 
k =0 

« 1 tfm, *)cos[2ir(» + W4 + 1/2X* + \/2)/N\ 

k**v 



]» 



2w#* + l/2)/2A0 X 



JV-1 

2 *2(n)exp<-2ir>/2A-- - 7-njkn/N) 



2wy(* + l/2)/2A0 X 



A'-l 

x2(»)cxp(-2irjn/2N)&ip(-27rjktt/N) 
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where j represents an imaginary unit. 
It will be assumed that: 

In this event: 



(13) 
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y(m, k) = real 



[«P(- 



(14) 



2ir/* + \nyiN) X 
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A*-l T 
2 x3(«)exp(-27r/*»/A0 • 
/i =0 _J 

Herein, Equation (14) is divided into a front part and 45 
a rear part which represents execution of a fast Fourier 
transform (hereinafter abbreviat ed to FFT) at a point N 
of a specific signal x3(n). The FFT is represented by 
Equation (15) which is given below. 

Accordingly, Equation (16) is given from Equation 
(14). 
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xflm, k) = x3(n)exp(-2fly*n/A7) 
and 



(15) 
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= 2 /AW I 



'IS^*) x 

L*=o 

exp(2ir/n + N/4 + 1/2X* + \/2)/N)m J 
cxp(2ir/(ii + AV4 + l/2)/2A' + 2ir//t + A74 + l/2)*/Af) 

-[ 



= 2/AVefl/ 



] 



• 2/Nreal tx&2irj(n + AT/4 + \/2)/2N) X 



« 2/iVrwl exp(2ir/(fl + W4 + l/2)/2A0 X 



y(m, k)cxp(2nj(N/A + l/2)k/N + 2vjitk/N) 



; 2/Nrea!\ exp(2ir/n + A74 + l/2)/2AT) X 



JV-1 

^2 q j</n, *)cxp<2tr/A'/4 + l/2)A:/A J )cxp(2lr/^I*/A , ) 



The following equations are introduced : 

j2(m. *) - j<m, *)exp[2ir/Ay4 + l/2)*/7V] 



] 



*3(m. *) 



AV2-1 



(18) 



(19) 



><m, A) « re^cxp(-2ff/(* + l/2)/2A>Am. *)]. 



. (16) 



Equation (19) represents the inverse FFT for the 
signal y2(m, k). Substituting Equations (18) and (19) in 
It is therefore possible to obtain the result of Equation 60 Equation (17): 
(5). 

The multiplications are required N times before exe- (20) 
cution of the FFT, at most Nlog2N times fo r exec uting */(/* n) « 2/Nreafcxp{2vM + at/4 + i/2)/2A0j>3(m, n)J. 

the FFT, and N times after execution of the FFT. As a 

result, the multiplication is carried out the number of 65 It is therefore possible to obtain the result of Equation 
times which is substantially equal to Nlog2N if N is (6). 

great. The number of times of the addition is equal to The multiplication is carried out the number of times 
2Nlog2N. Accordingly, it is possible to reduce the num- which is substantially equal to Nlog2N. The number of 



times of the addition is equal to 2Nlog2N. Accordingly, 
it is possible to reduce the number of times of the multi- 
plication and the addition as compared with the con- 
ventional apparatus. 

The description will now proceed to another example 5 
of the algorithm that is applicable to the forward trans- 
form calculation apparatus according to this invention. 
With p substituted for n, Equation (9) is rewritten into: 

10 

tfm. ft) m 5W |7 ! xh{p - AT/Ocos[2ir<* + l/lfr + l/2)/N]. ^ 

It is possible to delete the term N/4 in the argument of J5 
xh in the right-hand side of Equation (21) by shifting p 
by (-N) with the sign of the product signal xh(p) in- 
verted. 

Herein, the product signal is processed into the par- 
ticular and the specific data x2(p) which are represented 2Q 
as follows: 
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-continued 

real\ N/ l~* *3(«)exp<-2irj<* + 1/2X2" + ^)/N) | 
L n=0 -> 

real[ N/ l~ l xlin) X 

L n=o 

exp(-2iy(ft + l/2)/2N - 2vfik + l/2)2«/2) J 



= real £exp(- 



2itf* + l/2)/2N) X 



N/2-1 
n=0 



x3(«)cxp(-2flrt2* + 



x2<j>) = -xh{p + 3N/4), 
when 0 S p < N/4 

and 

x2{p) « xh(p + N/4), 
when N/4 S p < N. 

Therefore: 

*m, ft) = A f 1 *2(p)cos[2ir(ft- + l/2Xp + l/2)/NJ 



(22a) 



= reo/ £exp(- 



2ir/(ft + l/2)/2N) x 



25 



*3(n)exp(-2ir/ii/A' - 2vjk2n/N) | 
n=0 J 



(22b) 
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= rea/£exp(- 



(23) 



In Equation (23), the cosine has a nature such that: 
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cos[2ir(ft + Uiyp + l/2)/N] (24) 

= cos[-2ir(* + l/2Kp + \/2)/N\ 

- cosI2ir(ft + 1/2X(A T - p - 1/2) - A)/A] 

= cos 2*r(Jt + l/2X(N - 1 - p) + l/2)/N - 2n(* + l/2)A7NJ 

= -cos[27r(* + 1/2X(N -/> - 1) + l/2)/N] ^ 

When (N-l-p) is substituted for p, the cosine has 
an absolute value unchanged and a sign inverted be- 
tween positive and negative. With p separated into an 
even and an odd number, Equation (23) is rewritten 45 
into: 



n=0 

It is assumed that: 

*4<p)-x3(p)exp(-2ir//>/N) 

In this event: 



2nM + \nyiN) x 



"I" 1 x3(n)exp(-2ir;n/N)exp(-2ir/^/(N/2)) J 



yim, ft) = real 



[«p(- 



(28) 



(29) 



2ir/(ft + l/2)/2N) X 



y(m. k) = Nr h~ X *2(2p)cos[27r(ft + l/2X2p + l/2)/N] + 
p«0 



N/2-1 
/>=0 



50 



j^rjV - 1 - 2/Ocos [2ir(ft + 1/2) X 



(N - 1 - 2p + l/2)/N] 



N/ \ 1 x4(p)exp(-2 W y*MW2)) I 
P— 0 J 

Herein, Equation (14) is divided into a front part and 
a rear part which represents execution of the FFT at 
N/2 of x4(p). The FFT is represented by Equation (30) 
which is given below. Accordingly, Equation (31) is 
given from Equation (29). 



, N/ l 1 [x2(2p) - x2(j> - 1 - 2p)} X 



cos[2ir(ft + l/2X2p + l/2)/N] 



55 xfirn, k) = "I* x4<p)exp[-2iryftp/(N/2)] 

yim, k) - r«2f[exp(-2ir/ft + \/2)/2N)xAm. ft)] 



(30) 



(3D 



It is assumed that: 



60 



x3(p) = x2(2p) - x2(A r - 1 - 2p), 
when 0S;SAf/2-l. 

In this event: 
*m, ft) - ^Iq 1 x3(n)cos[2 ff (A + l/2X2n + l/2)/«] 



(26) 



65 



(27) 



It is therefore possible to obtain the result of Equation 

^ The multiplication is carried out the number of times 
which is substantially equal to (N/2) log 2 (N/2) if N is 
great. The total number of the addition and the subtrac- 
tion is equal to N/2 for x3(p) and to Nlog 2 (N/2) for 
FFT. The number of the addition is substantially equal 
to Nlog 2 (N/2) if N is great. Accordingly, it is possible 
to reduce the number of times of the multiplication and 
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-continued 



y2(m. Ac) « -y(m, k), 
when */4 * Ac < N/2. 



(37b) 



the addition as compared with the conventional calcula- 
tion apparatus. 

Since the FFT is carried out at N/2 points, y(m, n) is 
obtained in a case where k is variable between 0 and 

N/2- 1, both inclusive. In Equation (24), p and k are 5 ^ uziion n 2 ) t Equation (37b) is represented as 

symmetrical with one another. Using the symmetric J™** 

nature of the cosine with respect to k, Equation (23) is 10110 * 

rewritten into: ^ ^ _ _(m, * — l — 2k). < 37c > 

10 when N/4 £ k < N/2. 



k) « *2(n)cos[2ir(Ac + 1/2X* + l/2)/*l 
n»0 



N 2 1 -*2(n)cos[277((* - 1 - Ac) + l/2)(n + 1/2)/*] 
- -><m. * - 1 - Ac). 

Therefore, y(m, k) is obtained in another case where k 
is variable between N/2 and N- 1, both inclusive. 

The description will proceed to another example of 20 
the algorithm that is applicable to the inverse transform 
calculation apparatus according to this invention. Sub- 
stituting Equation (3) with p substituted for n, Equation 
(6) is rewritten into: ^ 



(32) 



(38) 



xtim, n) = 2/*^V yim, k)cos[2n(p + />0)(* + 1/2)/*] 



(33) 



- 2/N N Z 1 Am. k)cos[2ir(p + */4 + 1/2K* + l/2)/*l- 30 
Ac=0 

For convenience of the equation, it will be assumed 
that: 



Equation (35) is rewritten into: 

15 xi2 (m. p) = 4/JV ^[^q 1 > n ^ *> * 

exp<27rj(p + 1/2X2* + 1/2)/*) J 

= 4/N«fl/[ A ^ 1 y2(m.*)X 

exp(2ir./0> + l/2)/2A* + 2irj(p + 1/2)2*/*) J 
« 4/* «fl/£exp(2irj(A> + l/2)/2*) X 



] 



xf2(m, p)=xt(m. p-N/4). 

In this event: 

*f2(m./0 = 2/*^V M^. *)cos[2ir(, + l/2)(* + 1/2)/*] 



(34) 35 



4/*f*a/£exp(2ir/(p + l/2)/2*) X 



(35) 



"I" 1 y2{m. *)exp(2ir/*/* + QirJpk/iN/2))] 



40 



[**/2-l 

L *=o 



yim. 2Ac)cos (2ir(p + 1/2) (2* + 



A=0 
It is assumed that: 
yXm. k) = y2{m, k)txp{2irjk/N) 

yA{m. p) = N £t l yXrn. A)expt2irj&7AcA*/2)] 



(39) 
(40) 



1/2)/*) + N fl Q l yi m > * — 1 — 2Ac) X 



45 



cos(2ir0> + 1/2X*- 1 - 2* + 1/2)/*)] 



Equation (40) represents an inverse FFT for y3(m, k). 
Substituting Equations (39) and (40) into Equation (38): 

50 xt2{nu «) - 4/N mi/[«p(2ir/(ii + l/2)/2*)>4(m. «)]. (41) 



:2/* 



r N/ 2*" l (Km. 2*) — yim. * — 1 - 2Ac)) X 
L *=0 

cos(2*r(p + 1/2X2* + 1/2)/*) J- 55 



In order to convert xt2(m, n) to xt(m, n), it is assumed 
from Equations (20), (24), and (32) that: 



Substituting Equation (31): 
xtlim. p) = 

2y(m. 2k)cos(2n(p + 1/2X2* + 1/2)/*) 

Herein, y2(m, k) is represented as follows: 

j2(m. *) = yim, 2Ac), 
when 0 S Ac < */4 



x/(m. 3*/4 - 1 - n) = x*m. 3*/4 + n) 
= —x(l{rru n) 

when 0 g n < */4 



(42a) 



] 



< 36) 60 It is therefore possible to obtain the result of Equation 
(6). 

The multiplication is carried out the number of times 
which is substantially equal to (N/2) log 2 (N/2). The 
addition is carried out the number of times which is 
65 substantially equal to Nlog 2 (N/2). Accordingly, it is 
possible to reduce the number of times of the multiplica- 
nd tion and the addition as compared with the conven- 
tional calculation apparatus. 
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Referring to FIG. 2, the description will be directed Continuing reference to FIG. 2, teW»*J 

to a cSt on ^ppamus according to a first embodi- proceed to the inverse 

ment of this invention. The calculation apparatus com- transform unit »^J«^?S 
crises similar parts designated by like reference numer- second inverse processing, and lnv^se m 
al?ThrforwarTtransffnn window part 14 produces, 5 32, and 33. The first inverse processing pa* i 31 « con- 
as the nr^ a succession of zeroth through nected to the second forward processing part 22 and « 
SN/4-lT4dT3N/4)A through (N-l)th product for processing the forward transformed stgnal mto a 
data. The forward transform window part 14 will be P™**g> ; 31 u lied with 

^^'ESStSVS*. comprises to JSSM. ^ 

fuTfo^d prising, second forward processing, signal. Tte forwardtransfor^ s.g«^ succession 

and forward FFT parts 21, 22, and 23. The first forward of zeroth through (N— l)th >PI^" "P", d »" " w . 

p^ocS part 21 is connected to the forward trans- The first inverse prc»cessmg part 31 c^« out muln 

"Tk'rnn* SsZt, with FIG 2, the de- dTnce with Equation (18) into a first product to make 

JSS^M ^Sd^ * °Ss oSrauon of the first the processed signal represent the first, product In fl. 

ferXard nroceMinB oart 21 At a first stage SA1, the event, the first inverse processmg part 31 will be re- 

par, 2l\ supplied with the ferred to as a InJM '^SSSS'to the first 
product signal from the forward transform window part 20 The inverse FFT part 33 J* <£»£ c MfcWW 

14. The first stage SA1 proceeds to a second stage SA2 inverse processmg part 31 apdtsfo re** png out a 

at which the fult forward processing part 21 processes linear ^^^^SSl^ 

the (3N/4)th through the (N - l)th product data mto a dance with Equation (19) to pr oduce i ^n^f^ 1 '*> 

dm forwd process^ p«rt 21 ft, carry.* on lit "STf^'i -roo™™ put 32 is ooonootoS ro 

■oeorrd W SA2 will * rrfcrroc. » - • P««»l» JJtSSH^KSSftr^J*."" »»'*"• 

■"^XSS procood. » . OH . W SA2 erf- W»- Or. ^ 

The first forward processing part 21 for carrying out The second mverse processmg part 32 is furtner con 

S £ 5S & ? bl • m z~*£tt£ttttJE23t 

apt s £js^ttasas s^aifjftjs^g 

^TTT &£2l SSSRi a» -it s assasssss is £SS 

SX, rf a »i f °SSc^lSi fo.f™,«,»>. in coSooo. to ot«o wo* to iororh <■»«* to 
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(N/4- l)th product data are processed in accordance The second stage SC2 proceeds to atWrd ' ^geSO 

of zeroth through (N/4)th specific data having a posi- The third stage SC3 proceeds to ' • J»«* «2£o5 

tive polarity in common. In other words, the (N/4)th which the first inverse processing part 31, out 

through the (N-l)th product data are processed in 10 multiplication between ^fi^*^?*^ 

accordance with Equation (22b). The subtracting part particular and the (N- • l-k)th ™JZTL 

41 for carrying ouTthe third stage SB3 will be referred dance with Equation (38) into the processed signal, to 

to as.a^pecific processing arrangement. this event, the first inverse processing ; part 16 will be 

The third stage SB3 proceeds to a fourth stage SB4 at referred to as a c ^ culatl °n^sement. 

which the subtracting part 41 combines the particular 15 In FIG. 4, the inverse FFT part 33 fames outAe 
and Aes^fwdata secessions into a succession of linear inverse FFT on the processed signal m accor- 

rfS (N-l-2p)th and 2pth through dance with Equation (40 to V?™™^^. 

— b =^^rocoedstoaf,hs te geSB 5 at 20 "^SS^R'SS^ 

datum in accordance with Equation (26) to produce a produces as the mternaT Xou.4 ^ l)th 

difference and the local signal that is representative of 2S through (p-l)th and pth through (N/2-i)tn mwrnai 

AfdOTeTenS T^e s'btrS part 41 for carrying out data. At a first stage SD1 *e second mvers* = P£cess»8 

the fifth stage SB5 will be referred to as a subtracting part 32 is supplied with the internal signal from the 

t inverse HFi* part 23. 

"rUffiXtage SB5 proceeds to a sixth stage SB6 at The first stageSDl proceeds to. se 
which the multiplying part 42 carries out multiplication 30 which the second mverse processing pari .32 carries out 

oetweer i e^-2*W) and the local signal in accor- multiplication between the pth mternal datum and Ae 

otn^wiAVaaon (28)^o produce an internal prod- e*p[2*j(p+i)/(2N)] in accordance w«hj E^on (4» 

m SS£Z&XX2. FFT part 23 is 'J^-^^S^SSsS 

connecSlto the multiplying part 42 and is for carrying second inverse processing part 32 will be referred to as 

out the linear forward FFT on the processed signal in a multiplying arrangement. 

accordance with Equation (30) to produce an internal The second stage SD2 proceeds to a third stage SD3 

accordance with Equation (31). More particularly, the particular data of the first and the second successions 
S fo^ processing part 22 carries out multipli- have a first polarity in commonjn event 'he sec- 
cation between the internal signal and ond inverse processing part 32 wdl be referred to as a 
r-2wifk+iV(2N)l into a local product, namely, a real particular processing arrangement. 
IJZ^teLT^triJonnrtsig^Tlpr^t 50 The thirc .stage SD3 -proceeds "-J™*"* J* 
;^Tw«i nrodnct In this event the second forward at which the second mverse processing part 32 pro- 
oroSe P^t 12 wUl^eTeTerrid to^ an internal cesses the (N/4)th through the (N/2-l)th product data 
mSSf* a£uSe£ent A combination of the first in accordance with Equation (42b) into a first succes- 
foSdTro^rSe secoTforward processing. sion of zeroth through (N/4-l)th specrflc^ m an 
Mrifhe forward FFT parts 21, 22, and 23 will be re- 55 ascending order and a second succession of (N/2- l)th 
fe^to asTi^forJ faoryfag out arrangement. through (N/4)th specific data m a descendmg order. 

^SemTg to raTtc^E lith FIG. 4, operation The specific data of the first and thesecond succeaHons 
of the fet inverse processing part 31 will be described have a second polarity m common. The second polarity 
£ tot At M^SCU^ first inverse processing is different from the first polarity, to tins event, the 
?art3l" b supS^A the forward transformed signal 60 second inverse processing part 32 wdl be refer«d to as 



